Determination of the Jenkinson and Collison’s weather types for the western Mediterranean basin over the 1948-2009 period. Temporal analysis  by Grimalt, M. et al.
Atmósfera 26(1), 75-94 (2013)
Determination of the Jenkinson and Collison’s weather types for  
the western Mediterranean basin over the 1948-2009 period.  
Temporal analysis
M. GRIMALT, M. TOMÀS, G. ALOMAR
Group of Climatology, Hidrology and Natural Hazards, University of Balearic Islands, 
07122-Palma, Spain
Corresponding author: Miquel Grimalt; e-mail: miquel.grimalt@uib.es
J. MARTIN-VIDE, M. C. MORENO-GARCÍA
Group of Climatology, University of Barcelona, Montalegre 6, 08001-Barcelona, Spain
Received October 18, 2011; accepted August 13, 2012
RESUMEN
Se han determinado los tipos de clima según el procedimiento de Jenkinson y Collison de los 22 646 días 
del periodo 1948-2009 para la cuenca del Mediterráneo occidental, a partir de los valores de presión en 
VXSHU¿FLHGHOUHDQiOLVLV1&(31&$5SDUDXQDUHWtFXODGHQXHYHSXQWRVFRQYpUWLFHVH[WUHPRVHQ
1:\1(ORTXHSHUPLWHGLVSRQHUGHXQDPSOLRFDWiORJRVLQySWLFRSDUDODFLWDGDUHJLyQ6H
han analizado las tendencias de los tipos y sus diferentes agrupaciones durante el mismo periodo. El tipo 
más frecuente es el U (indeterminado), con un promedio anual cercano al centenar de días (99.4, 27.2%); 
OHVLJXHQHOWLSR$DQWLFLFOyQFRQGtDVDxR\HO&GHSUHVLyQFRQGtDVDxR
La elevada frecuencia del tipo U se debe a la presencia habitual de campos báricos con escaso gradiente 
³SDQWDQRVEDURPpWULFRV´VREUHODVDJXDVPHGLWHUUiQHDVHQODPLWDGFiOLGDGHODxR3RUUXPERVORVWLSRV
SURFHGHQWHVGHORHVWHVRQORVPiVIUHFXHQWHV\ORVGHOVXUORVPHQRV(OUpJLPHQPHQVXDOGHORVWLSRV\
agrupaciones más frecuentes es bastante regular; el tipo C y las agrupaciones advectivas y de tipos ciclónicos 
SUHVHQWDQPtQLPRVHVWLYDOHV\Pi[LPRVHQODPLWDGIUtDGHODxRPLHQWUDVTXHRFXUUHORFRQWUDULRFRQORV
WLSRV8\$/DVSULQFLSDOHVWHQGHQFLDVDQXDOHVHVWDGtVWLFDPHQWHVLJQL¿FDWLYDVGHOSHULRGRVRQOD
GLVPLQXFLyQGHOWLSR$±GtDVGpFDGDHVGHFLU±\HODXPHQWRGHOWLSR8ORVWLSRVFLFOyQLFRV\
ORVGHFRPSRQHQWHHVWH$OFRPSDUDUORVVXESHULRGRVGHDxRV\VHFRQ¿UPDQODV
tendencias de A y U, y se aprecian en general aumentos de los tipos con componente este y disminución de 
los que tienen componente oeste. La variación del tipo A fue de 2490 días en el primer subperiodo a 2192 en 
el segundo (p FRQFHQWUDGDVREUHWRGRHQYHUDQR\RWRxR(VWDFODUDUHGXFFLyQGHOWLSR$FRLQFLGH
SDUDGyMLFDPHQWHFRQXQDXPHQWRGHODYDULDEOHSUHVLyQK3DGpFDGDDORODUJRGHORVDxRVGH
DQiOLVLV/DWHQGHQFLDQHJDWLYDHQFRQWUDGDHQHOWLSR$GL¿HUHGHORVUHVXOWDGRVKDOODGRVHQDOJXQRVHVWXGLRV
/RVGLIHUHQWHVSHULRGRVGHDQiOLVLVODVGLVWLQWDVHVFDODVRiUHDVGHHVWXGLR\ODYDULHGDGGHPpWRGRVXVDGRV
SDUDODGHWHUPLQDFLyQGHORVWLSRVGHWLHPSRSXHGHQH[SOLFDUODIDOWDGHFRQFRUGDQFLDHQORVUHVXOWDGRV
$GHPiVHOFDOHQWDPLHQWRHQODV~OWLPDVGpFDGDVGHODVDJXDVGHODFXHQFDGHO0HGLWHUUiQHRRFFLGHQWDO
DPpQGHOFDUiFWHUPDUFDGDPHQWHFLFORJHQpWLFRGHORVJROIRVGH/HyQ\*pQRYDSRGUtDHVWDUGHWUiVGHOD
disminución del tipo A y el aumento de los tipos con curvatura ciclónica.
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ABSTRACT
:HGHWHUPLQHGWKHZHDWKHUW\SHDFFRUGLQJWRWKH-HQNLQVRQDQG&ROOLVRQSURFHGXUHRIWKHGD\VLQ
WKHSHULRGIRUWKHZHVWHUQ0HGLWHUUDQHDQEDVLQ7KHDQDO\VLVLVEDVHGXSRQWKHVXUIDFHSUHVVXUH
YDOXHVRIWKH1&(31&$5UHDQDO\VLVIRUDJULGRIQLQHSRLQWVZLWKH[WUHPHYHUWLFHVDW1:DQG
1(ZKLFKSURYLGHVDEURDGV\QRSWLFFDWDORJXHIRUWKLVUHJLRQ:HDQDO\]HGWKHWUHQGVRIWKHW\SHV
DQGWKHLUGLIIHUHQWJURXSLQJVGXULQJWKHVDPHSHULRG7KHPRVWIUHTXHQWW\SHLV8XQGHWHUPLQHGZLWKDQ
DQQXDODYHUDJHRIDSSUR[LPDWHO\GD\VIROORZHGE\W\SH$DQWLF\FORQHZLWKGD\V
\HDUDQG&GHSUHVVLRQZLWKGD\V\HDU7KHKLJKIUHTXHQF\RIW\SH8LVGXHWRWKH
KDELWXDOSUHVVXUHRIEDULF¿HOGVZLWKDORZJUDGLHQWRYHU0HGLWHUUDQHDQZDWHUVLQWKHZDUPKDOIRIWKH\HDU
$FFRUGLQJWRWKHLUGLUHFWLRQVWKHW\SHVIURPWKHZHVWDUHWKHPRVWIUHTXHQWDQGWKRVHIURPWKHVRXWKWKH
OHDVW7KHPRQWKO\UHJLPHRIWKHPRVWIUHTXHQWW\SHVDQGJURXSLQJVLVTXLWHUHJXODUW\SH&JURXSVDVZHOO
DVDGYHFWLYHDQGF\FORQLFFXUYDWXUHJURXSVSUHVHQWVXPPHUWLPHPLQLPDDQGPD[LPDLQWKHFROGKDOIRIWKH
\HDUZKHUHDVWKHRSSRVLWHRFFXUVZLWKW\SHV8DQG$7KHPDLQVWDWLVWLFDOO\VLJQL¿FDQWDQQXDOWUHQGVLQ
WKHSHULRGLQYROYHDGHFUHDVHLQW\SH$±GD\VGHFDGHWKDWLV±DQGDQLQFUHDVH
in type U, the cyclonic types and those presenting an easterly component. On comparing the 31-yr sub-pe-
ULRGVDQGWKHWHQGHQFLHVRI$DQG8ZHUHFRQ¿UPHGDQGLQFUHDVHVFDQJHQHUDOO\
EHVHHQLQWKHW\SHVSUHVHQWLQJDQHDVWHUO\FRPSRQHQWDQGDGHFUHDVHLQWKRVHZLWKDZHVWHUO\FRPSRQHQW
7KHYDULDWLRQLQW\SH$UDQJHGIURPGD\VLQWKH¿UVWVXESHULRGWRLQWKHVHFRQGRQHp = 0.000), 
PDLQO\FRQFHQWUDWHGLQVXPPHUDQGDXWXPQ7KLVHYLGHQWUHGXFWLRQRIW\SH$FRLQFLGHVSDUDGR[LFDOO\ZLWK
DQLQFUHDVHLQWKHVHDVXUIDFHSUHVVXUHYDULDEOHK3DGHFDGHWKURXJKRXWWKH\HDUVRIDQDO\VLV7KH
negative trend found in type A differs from the results of some studies. The different analysis periods, the 
GLIIHUHQWVFDOHVRUDUHDVRIVWXG\DQGWKHYDULHW\RIPHWKRGVXVHGWRGHWHUPLQHWKHZHDWKHUW\SHVFDQDFFRXQW
IRUWKHIDFWWKDWWKHVHUHVXOWVDUHGLVFRUGDQW0RUHRYHUZDUPLQJRYHUWKHODVWIHZGHFDGHVLQWKHZDWHUVRIWKH
ZHVWHUQ0HGLWHUUDQHDQEDVLQDVZHOODVWKHFOHDUO\F\FORJHQHWLFFKDUDFWHURIWKHJXOIVRI/LRQDQG*HQRD
might account for the decrease in type A and the increase in the cyclonic curvature types.
Keywords:-HQNLQVRQDQG&ROOLVRQWUHQGVZHDWKHUW\SHVZHVWHUQ0HGLWHUUDQHDQ
1. Introduction
6XEVWDQWLDO DGYDQFHV KDYH EHHQPDGH LQ UHFHQW \HDUVZLWK UHJDUG WR WKH REMHFWL¿FDWLRQ RI
V\QRSWLFFODVVL¿FDWLRQVFLUFXODWLRQSDWWHUQVRUZHDWKHUW\SHVGXHWRWKHSURSRVDORIREMHFWLYH
RUDXWRPDWLFPHWKRGV7UDGLWLRQDOVXEMHFWLYHRUPDQXDOFODVVL¿FDWLRQVRIZHDWKHUW\SHVEDVHG
RQVXEMHFWLYHFULWHULDGUDZLQJXSRQWKHUHVHDUFKHU¶VH[SHULHQFHKDYHEHHQJUDGXDOO\UHSODFHG
E\ REMHFWLYH RU VHPLREMHFWLYH DXWRPDWLF FODVVL¿FDWLRQV EDVHG RQ TXDQWLWDWLYH FULWHULD DQG
VXSSRUWHGE\WKHFDOFXODWLRQFDSDFLW\RIFRPSXWHUV$OWKRXJKWKHH[SHULHQFHRIWKHUHVHDUFKHU
or the synoptic analyst is to be respected, subjective criteria prevents obtaining identical results 
LQVXFFHVVLYHDSSOLFDWLRQVRIWKHVDPHVXEMHFWLYHFODVVL¿FDWLRQLQDGHWHUPLQHGDUHDDQGSHULRG
and therefore these results cannot be transferred or transported. On the contrary, automatic 
FODVVL¿FDWLRQVFDQEHXVHGE\DQ\LQYHVWLJDWRUE\PHUHO\IROORZLQJWKHSUHYLRXVO\HVWDEOLVKHG
REMHFWLYHFULWHULDDQGWKHFRUUHVSRQGLQJFDOFXODWLRQDOJRULWKPZLWKLGHQWLFDO¿QDOUHVXOWV,W
LVWUXHKRZHYHUWKDWWKHXVHRIDQDXWRPDWLFFODVVL¿FDWLRQFDQEHEOLQGRQO\IROORZLQJWKH
FDOFXODWLRQDOJRULWKPDQGWKHUHLVWKHUHIRUHDQHHGIRUH[SHUWDQGVXEMHFWLYHDQDO\VLVRIWKH
established criteria and the geographic and climatic coherence of the obtained results. To put 
LWDQRWKHUZD\WKHUHVXOWVSURYLGHGE\REMHFWLYHFODVVL¿FDWLRQVKRXOGEHUHYLHZHGE\DQH[SHUW
WRFKHFNWKHLUVXLWDELOLW\IRUWKHDQDO\]HGDUHDDVZHOODVWKHLUFRKHUHQFHDQGXVHIXOQHVV2QH
RIWKHJUHDWHVWHIIRUWVLQWKHREMHFWL¿FDWLRQRIV\QRSWLFFODVVL¿FDWLRQVZDVGHYHORSHGZLWKLQ
WKHIUDPHZRUNRI WKH&267$FWLRQ+DUPRQL]DWLRQDQG$SSOLFDWLRQVRI:HDWKHU7\SH
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&ODVVL¿FDWLRQVIRU(XURSHDQ5HJLRQVZZZFRVWRUJZKLFKLQYROYHGUHVHDUFKHUVIURP
FRXQWULHVLQWKHTXHVWIRUWKHPRVWVXLWDEOHDXWRPDWLFFODVVL¿FDWLRQVIRUWKH(XURSHDQFRQWLQHQW
3KLOLSSet al.+XWK
0XOWLYDULDWH DQDO\VLV LQ SDUWLFXODU SULQFLSDO FRPSRQHQW DQDO\VLV DVVRFLDWHGZLWK FOXVWHULQJ
SURFHVVHVLVQRZZLGHO\XVHGWRFODVVLI\ZHDWKHUW\SHV,WHQDEOHVXVWRGHWHUPLQHWKHPDLQV\QRSWLF
DQGVXUIDFHFLUFXODWLRQSDWWHUQVDVZHOODVDWGLIIHUHQWWURSRVSKHULFOHYHOVEDVHGRQH[WHQVLYHVHD
VXUIDFHSUHVVXUHDQGJHRSRWHQWLDODWK3DDQGRWKHUOHYHOVGDWDEDVHVYHU\RIWHQUHDQDO\VLVZKLFK
FDQQRWEHSURFHVVHGPDQXDOO\+XWKet al., 2008; Esteban et al.+RZHYHUPXOWLYDULDWHDQDO\VLV
is not a totally objective process, but rather semi-objective, given that thresholds need to be established 
and that there is a need to choose from different options at different stages of application, such as 
HVWDEOLVKPHQWRIWKHOHYHORIYDULDQFHH[SODLQHGE\WKHFRPSRQHQWVWKHQXPEHURIV\QRSWLFW\SHV
WKHXVHRI7RU6PRGHVURWDWLQJRUQRWWKHFRPSRQHQWVREWDLQHGZLWKWKHFKRLFHLQWKLVFDVHRIWKH
URWDWLRQPHWKRGXVLQJDKLHUDUFKLFDOFODVVL¿FDWLRQRUQRWHWF
7KHPRVWREMHFWLYHH[LVWLQJFODVVL¿FDWLRQSURFHGXUHLVQRWSDUWRIWKHJURXSRIFODVVL¿FDWLRQV
based on multivariate analysis; rather, it involves the Jenkinson and Collison method (Jenkinson and 
&ROOLVRQKHUHLQDIWHU-&8VHGVXFFHVVIXOO\LQWKH%ULWLVK,VOHVLWZDVFUHDWHGSUHFLVHO\WR
IXO¿OOWKHWDVNRIREMHFWLYL]LQJWKHVRFDOOHG/DPE¶VVXEMHFWLYHFODVVL¿FDWLRQDQGSURYLGHGUHVXOWV
WKDWZHUHYHU\VLPLODUWRWKRVHRIWKHODWWHUFODVVL¿FDWLRQ-RQHVet al./DPE¶VGDLO\W\SHVIRU
WKH%ULWLVK,VOHVVLQFHDQGWKHFRUUHVSRQGLQJ-&W\SHVVLQFHFDQEHIRXQGDWKWWS
ZZZFUXXHDDFXNFUXGDWDOZW8VHVDQGDSSOLFDWLRQVRI-&LQ(XURSHDQUHJLRQVHVSHFLDOO\WKH
north of the continent, can be found in Buishand and Brandsma (1997), Trigo and DaCamara (2000), 
/LQGHUVRQ3RVWet al.)RZOHUDQG.LOVE\%XFKDQDQet al. (2002), Antonsson et 
al. (2008), Demuzere et al.3RVWDQG.lUQHUHWF,QRWKHUUHJLRQVRIWKHSODQHWWKH-&
PHWKRGKDVDV\HWEHHQOLWWOHXVHGDOWKRXJKRQHRIWKH¿UVWSLORWDSSOLFDWLRQVZDVLQDVFRSHRXWVLGH
RIWKHPLGODWLWXGHVVSHFL¿FDOO\LQ(J\SW'HVVRXN\DQG-HQNLQVRQ,QVRXWKHUQ(XURSHDQG
LQSDUWLFXODULQWKH0HGLWHUUDQHDQEDVLQWKH-&FODVVL¿FDWLRQKDVQRWEHHQZLGHO\XVHGSDUWO\GXH
WRWKHIDFWWKDWLWRQO\FRQWHPSODWHVWKHVXUIDFHOHYHOZKLOHPHFKDQLVPVLQPLGWURSRVSKHUH
K3DLQLWLDOO\KDYHDQRWHZRUWK\HIIHFWXSRQZHDWKHUFRQGLWLRQV,QWKHFDVHRIWKH,EHULDQ3HQLQVXOD
WKH¿UVWDSSOLFDWLRQRIWKH-&PHWKRGRYHUWKHZKROHWHUULWRU\ZDVSHUIRUPHGE\6SHOOPDQ
DQGVXEVHTXHQWO\GHEDWHGE\0DUWLQ9LGH2WKHUUHVHDUFKRQWKH,EHULDQ3HQLQVXODDQGWKH
VXUURXQGLQJDUHDLQYROYHVZRUNVE\0DUWLQ9LGHRQWKHV\QRSWLFDOFODVVL¿FDWLRQRIGD\VRI
torrential rainfall in the Valencia region; Rasilla et al.RQZLQGVWRUPVLQQRUWKHUQ6SDLQ
9LFHQWH6HUUDQRDQG/ySH]0RUHQRRQZLQWHUWLPHGURXJKWVLQ1(6SDLQ$]RUtQet al. (2009), 
ZKRXVH-&WRFODVVLI\GD\VZLWKEUHH]HVRQWKH0HGLWHUUDQHDQFRDVWRIWKH,EHULDQ3HQLQVXODDQG
Ramos et al.RQFRPSDWLELOLW\EHWZHHQORZIUHTXHQF\YDULDELOLW\SDWWHUQVDQGFLUFXODWLRQW\SHV
7KHZHVWHUQ0HGLWHUUDQHDQEDVLQ)LJFRQVWLWXWHVDFRPSOH[SODQHWDU\UHJLRQZLWKUHJDUGWR
DWPRVSKHULFPHFKDQLVPV$OWKRXJKZHDWKHUW\SHVDUHXVXDOO\DVVRFLDWHGZLWKWKHUPRG\QDPLFVWDELOLW\
ZLWK FDOPVXUIDFHPHWHRURORJLFDO FRQGLWLRQVYHU\ LQWHQVH VWRUPVDQG VKRZHUV DUHRFFDVLRQDOO\
UHFRUGHGZKLFKV\QRSWLFFDXVHLQVRPHVSDFHVFDQEHYHU\YDULHG0DUWLQ9LGHet al., 2008). In 
certain cases, it is said that their genesis is located in the medium and high layers of the troposphere, 
ZLWKPHFKDQLVPVVXFKDVFXWRIIORZVDQGWURXJKV0RUHRYHUWKH0HGLWHUUDQHDQEDVLQLVFRQVLGHUHG
WREHRQHRIWKHFULWLFDOUHJLRQVLQUHODWLRQWRWKHIXWXUHHIIHFWVRIJOREDOZDUPLQJ7KLVMXVWL¿HVWKH
QHHGIRUDORQJWHUPVWXG\RIV\QRSWLFW\SHVEDVHGRQREMHFWLYHFODVVL¿FDWLRQZKLFKLQWKLVUHVHDUFK
LVVSHFL¿FDOO\VHHQLQWKH-&PHWKRGIRUWKHSHULRG$VLQWKHVWXG\DUHDWKHUHDUHZHDWKHU
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W\SHVRIWKHUPDOQDWXUHDQRWRULRXVSHUFHQWDJHRIVHDVXUIDFHVXPPHUORZVDVVRFLDWHGZLWKZDUPLQJ
DQGZLQWHUKLJKVSURGXFHGE\FRROLQJGHFUHDVHLWFDQWKHUHIRUHEHHDVLHUWRYHULI\WKHFRKHUHQFH
RIWKHPHWKRG)ROORZLQJWKHEDVLFVWDWLVWLFDODQDO\VLVIUHTXHQF\RIWKHW\SHVIRXQGDQQXDOO\ZH
performed a temporal analysis of their frequency during the study period, comparing the 1948-1978 
DQGVXESHULRGVDQQXDOO\DQGVHDVRQDOO\7KHFRQWHQWVDUHVWUXFWXUHGLQWKHIROORZLQJ
manner: presentation of the JC method, the grid used and the database in section 2; results (annual 
frequencies, monthly and seasonal frequencies, tendencies, and comparison of sub-periods) in section 
GLVFXVVLRQRIUHVXOWVLQVHFWLRQDQGFRQFOXVLRQVLQVHFWLRQ
2. The Jenkinson and Collison method: Application to the western Mediterranean basin 
data
7KH-HQNLQVRQDQG&ROOLVRQFODVVL¿FDWLRQLVEDVHGRQHLJKWYDULDEOHVGHGXFHGH[FOXVLYHO\IURP
surface atmospheric pressure. These variables are:
3 $YHUDJHVXUIDFHSUHVVXUHK3D
: =RQDOFRPSRQHQWRIJHRVWURSKLFVXUIDFHZLQGFDOFXODWHGDVWKHSUHVVXUHJUDGLHQWEHWZHHQ
DQG1
6 0HULGLDQFRPSRQHQWRIJHRVWURSKLFVXUIDFHZLQGFDOFXODWHGDVWKHSUHVVXUHJUDGLHQWEHWZHHQ
:DQG(
' :LQGGLUHFWLRQD]LPXWKGHJUHH
) :LQGVSHHGPV
=:=RQDOYRUWLFLW\FRPSRQHQW
=6 0HULGLDQYRUWLFLW\FRPSRQHQW
= 7RWDOYRUWLFLW\
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Fig. 1. Study area.
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$JULG)LJZDVFRQVLGHUHGIRUWKHZHVWHUQ0HGLWHUUDQHDQEDVLQ,WGH¿QHVQLQHSRLQWVWKH
LQWHUVHFWLRQVRISDUDOOHOVDQG1ZLWKPHULGLDQV:(DQG(,IWKHVXUIDFH
atmospheric pressure is established at the nine points, the values of the eight variables are found. 
7DEOH,VKRZVWKHH[SUHVVLRQVXVHGWRFDOFXODWHWKHP
%DVHGRQWKHYDOXHVRIWKHVHHLJKWYDULDEOHVWKHIROORZLQJ¿YHXQLYHUVDOODZVRIWKH-&PHWKRG
are applied:
 7KHÀRZGLUHFWLRQLVLQGLFDWHGE\'DZLQGURVHRIHLJKWGLUHFWLRQVLVXVHGDQGWKH:DQG6
signs are considered).
 ,I_=_)DQDGYHFWLYHRUSXUHGLUHFWLRQDOW\SHH[LVWVGH¿QHGDFFRUGLQJWRUXOH11((
6(66::DQG1:
 ,I_=_!)DF\FORQLFW\SHH[LVWV&LI=!RUDQWLF\FORQLF$LI=
7DEOH,$QDO\WLFH[SUHVVLRQVIRUWKH,EHULDQ3HQLQVXODRIWKHDSSOLHGYDULDEOHVRIWKH-HQNLQVRQDQG&ROOLVRQ
method.
3  >333333333@
:  >333±333@
6  >333±333@
'  DUFWJ:6
)  :6
=: >333±333@±>333±333@
=6  >333±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Fig. 2. Grid.
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 ,I)_=_)DQK\EULGW\SHH[LVWVDFFRUGLQJWRWKH=VLJQUXOHDQGWKHÀRZGLUHFWLRQ
UXOH&1&1(&(&6(&6&6:&:&1:$1$1($($6($6$6:$:DQG
$1:
 ,I)DQG_=_DQXQGHWHUPLQHGW\SHH[LVWV8
+HUHLQDIWHU W\SH&RUF\FORQLFZLOOEHFDOOHGGHSUHVVLRQDQGW\SH$RUDQWLF\FORQLFDQWL
cyclone.)
The database contains the sea level pressure for 12 h UTC of each day in the period 1948-2009 
RIWKH1&(31&$5UHDQDO\VLV,QWRWDOWKHGDWDEDVHDQDO\]HGLQYROYHGYDOXHVIRUVXUIDFH
pressure (22 646 days per nine daily data). 
3. Results
3.1. Annual frequency of the types
2QFHWKHGD\VRIWKHVWXG\SHULRGKDGEHHQFODVVL¿HGDFFRUGLQJWRWKHW\SHVRIWKH-&
FODVVL¿FDWLRQWKHYDOXHVRIWKHEDVLFVWDWLVWLFDOSDUDPHWHUVZHUHUHFRUGHGLQ7DEOH,,7KHPRVW
IUHTXHQWW\SHLV8XQGHWHUPLQHGZLWKDQDQQXDODYHUDJHRIDURXQGRQHKXQGUHGGD\VZKLFK
UHSUHVHQWVRIWKHZKROHSHULRG,WLVIROORZHGE\W\SH$DQWLF\FORQHZLWKGD\VSHU
\HDUDQG&GHSUHVVLRQZLWKGD\VSHU\HDU7RJHWKHUW\SHV8$DQG&
JURXSWZRWKLUGVRIWKHWRWDO1RQHRIWKHUHPDLQLQJW\SHVH[FHHGVGD\VD\HDUi.e. they 
GRQRWUHDFKWKHUHIRUHWKH\IDOOIDUIURPWKHWKUHHDERYHPHQWLRQHGRQHV7KHW\SHVWKDW
IROORZWKHWKUHHPRVWFRPPRQRQHVKDYHfrequency percentagesRIEHWZHHQDQGDQGDOO
RIWKHPDUHSXUHO\DGYHFWLYH:1:1(DQG1
7KHWKUHHPRVWIUHTXHQWW\SHVSUHVHQWWKHIROORZLQJDQQXDOPD[LPD8GD\VLQ
$GD\VLQDQG&GD\VLQ7KHUHPDLQLQJRQHVKDYHQHYHUH[FHHGHG
GD\VLQRQH\HDU$WWKHRWKHUH[WUHPHPRUHWKDQKDOIRIWKHW\SHVZKLFKLQFOXGH(6(
6&(&6(&6&6:&:$1$1($($6($6$6:$:DQG$1:GLGQRWDSSHDU
LQDQ\\HDU)XUWKHUPRUHLWLVLQWHUHVWLQJWRQRWHWKDWWKHW\SHVZLWKDKLJKHUFRHI¿FLHQWRI
variation (over 80%) present a southerly component.
2QJURXSLQJWKHSXUHO\DGYHFWLYHW\SHV11((6(66::DQG1:KHUHLQDIWHU$'9
WKHF\FORQLFDGYHFWLYHW\SHV&1&1(&(&6(&6&6:&:DQG&1:KHUHLQDIWHU$'9&
DQGWKHDQWLF\FORQLFDGYHFWLYHW\SHV$1$1($($6($6$6:$:DQG$1:KHUHLQDIWHU
$'9$WKHPHDQQXPEHURIGD\VSHU\HDULVDQGUHVSHFWLYHO\ZKRVHSHUFHQWDJHV
are 17.7, 8.6 and 7.3% (Table III). 
Adding the number of type C days and WKHQXPEHURIGD\VZLWKF\FORQLFDGYHFWLYHW\SH$'9&
GD\VZLWKF\FORQLFFKDUDFWHURUFXUYDWXUHRUSRVLWLYHYRUWLFLW\KHUHLQDIWHU&<&DUHREWDLQHG
ZKLFKUHSUHVHQWRIWKHWRWDO7KHVHYDOXHVDUHYHU\VLPLODUWRWKRVHFRUUHVSRQGLQJWRWKH
VXPRIW\SH$DQGDQWLF\FORQLFDGYHFWLYH$'9$GD\VGD\VZLWKDQWLF\FORQLFFKDUDFWHU
RUFXUYDWXUHRUQHJDWLYHYRUWLFLW\KHUHLQDIWHU$17ZKLFKUHSUHVHQWRIWKHWRWDO
:HDOVRFDOFXODWHGWKHDEVROXWHDQGSHUFHQWDJHIUHTXHQFLHVRIWKHJURXSLQJVRIW\SHVZLWKQRUWKHUO\
GLUHFWLRQ1&1DQG$1KHUHLQDIWHU>1@HDVWHUO\GLUHFWLRQ(&(DQG$(KHUHLQDIWHU>(@VRXWKHUO\
GLUHFWLRQ6&6DQG$6KHUHLQDIWHU>6@DQGZHVWHUO\GLUHFWLRQ:&:DQG$:KHUHLQDIWHU>:@
:HFDOFXODWHGWKHVDPHIDFWVIRUWKHJURXSLQJVRIW\SHVZLWKDQRUWKHUO\FRPSRQHQW1&1$1
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1(&1($1(1:&1:DQG$1:KHUHLQDIWHU1!ZLWKDQHDVWHUO\FRPSRQHQW(&($(
1(&1($1(6(&6($6(KHUHLQDIWHU(!ZLWKDVRXWKHUO\FRPSRQHQW6&6$66(&6(
$6(6:&6:$6:KHUHLQDIWHU6!DQGZLWKDZHVWHUO\FRPSRQHQW:&:$:1:$1:
&1:6:&6:$6:KHUHLQDIWHU:!7KHUHVXOWVDUHVKRZQLQ7DEOH,9
3.2. Monthly and seasonal frequencies of the types
0RQWKO\IUHTXHQFLHVRIW\SHV8$&DQGRIJURXSLQJV$'9$'9&DQG$'9$DUHVKRZQLQ)LJ
7KHPRQWKO\UHJLPHRI$'9SUHVHQWVDPLQLPXPLQ-XO\$XJXVWDQGDPD[LPXPLQ'HFHPEHU
ZLWKDFOHDUO\FRQFDYHUHJXODUFXUYH7KH$'9&UHJLPHH[KLELWVDPLQLPXPLQ-XO\DQGDPD[LPXP
LQ'HFHPEHU-DQXDU\7KH$'9$UHJLPHVKRZVDPLQLPXPLQ$XJXVWDQGHTXLQRFWLDOPD[LPDLQ
0DUFKDQG2FWREHU7\SH&SUHVHQWVDPD[LPXPLQ'HFHPEHUDQGDPLQLPXPLQ-XQHZLWKD
VOLJKWVHFRQGDU\PD[LPXPLQ-XO\$XJXVW7\SH$SUHVHQWVDUHJLPHUHODWLYHO\RSSRVHGWRWKDWRI
W\SH&ZLWKDPD[LPXPLQ0D\-XQHDQGDPLQLPXPLQ'HFHPEHUDOWKRXJKZLWKDVHFRQGDU\
Table II. Total number of days, annual mean and percentage, annual 
PD[LPXPDQGPLQLPXPVWDQGDUGGHYLDWLRQ6'DQGFRHI¿FLHQW
RI YDULDWLRQ &9 RI WKH -& FODVVL¿FDWLRQ W\SHV LQ WKHZHVWHUQ
Mediterranean basin (1948-2009).
JC type Days Mean % 0D[ Min. SD CV
N  9.1  20 2 4.1 
NE 701 11 3.1 23 3 4.2 37
E  8.1 2.2 19 0 3.8 46
SE 182 2.9 0.8 8 0 2 70
S 131 2.1 0.6 14 0 2.4 112
6: 386 6.2 1.7 21 1 3.4 
: 777 13 3.4  3  41
1:  12 3.3 21 3 4.4 36
C  68 19 104 33 14 20
A 4 682 76 21 127 38 17 22
CN 336   11 1 2.2 40
CNE  8.6 2.4 18 2 4 47
CE 209 3.4 0.9 9 0 2 
CSE 120 1.9  6 0 1.6 84
CS 80 1.3 0.4  0 1.2 89
&6: 144 2.3 0.6 7 0 1.6 70
&: 219  1 10 0 2.1 
&1: 308  1.4 12 1 2.4 48
AN 177 2.9 0.8 11 0 2.2 78
ANE 280  1.2 11 0  
AE 349   13 0 2.6 47
ASE 162 2.6 0.7 6 0 1.6 61
AS 76 1.2 0.3 4 0 1.1 88
$6: 146 2.4 0.6 9 0 1.8 76
$:  3.3 0.9 12 0 2.6 78
$1:  4 1.1 10 0 2.3 
U  99 27 122  10 10
Total 22 646  100
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PLQLPXPLQ-XO\$XJXVW/DVWO\WKHXQGHWHUPLQHGW\SHSUHVHQWVWKHPRVWFRQWUDVWHGUHJLPHZLWK
DFOHDUPD[LPXPLQ-XO\$XJXVWZKRVHDEVROXWHPRQWKO\YDOXHVSUDFWLFDOO\PXOWLSO\E\¿YHWKRVH
RI'HFHPEHU-DQXDU\)HEUXDU\ZKHQWKHPLQLPXPRFFXUV7KHEHOOVKDSHRIW\SH8VWDQGVRXW
RYHUWKHRWKHUV7KHUHLVDPDUNHGSUHGRPLQDQFHRIW\SH8LQ-XO\DQG$XJXVWZLWKKDOILWVGD\V
falling under this type. 
7DEOH ,,,7RWDO QXPEHU RI GD\V DQQXDOPHDQ DQGSHUFHQWDJH DQQXDOPD[LPXPDQG
PLQLPXPVWDQGDUGGHYLDWLRQ6'DQGFRHI¿FLHQWRIYDULDWLRQ&9RIW\SHV&$8RIWKH
-&FODVVL¿FDWLRQDQGRIJURXSLQJV$'9$'9&DQG$'9$LQWKHZHVWHUQ0HGLWHUUDQHDQ
basin (1948-2009).
C A U ADV ADVC ADVA Total
Days  4682  3999   22 646
Mean 67.8  99.4    
% 18.6 20.7 27.2 17.7 8.6 7.3 100.0
0D[ 104 127 122 89 46 43
Min. 33 38  42 19 14
SD  16.6 10.4 8.6  6.3
CV 20 22 10 13 19 24
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Fig. 3. Monthly regimes of types U, C and A and groupings ADV, ADVC 
and ADCA (1948-2009).
Table IV: Total number of days, annual mean and percentage of the groupings of advective types of the JC 
FODVVL¿FDWLRQLQWKHZHVWHUQ0HGLWHUUDQHDQEDVLQ
Northerly 
direction 
>1@
Easterly 
direction 
>(@
Southerly 
direction
>6@
:HVWHUO\
direction 
>:@
Northerly 
component
1!
Easterly 
component
(!
Southerly 
component
6!
:HVWHUO\
component
:!
Total 1078 1063 287 1201 3903 3042 1427 3187
Mean 17.4 17.1 4.6 19.4 63.0 49.1 23.0 
% 4.8 4.7 1.3  17.2 13.4 6.3 14.1
*URXSLQJV>6@ZLWKRQO\DQG6!ZLWKDUHWKHOHDVWIUHTXHQWLQHDFKFODVV*URXSLQJV>:@
ZLWKDQG1!ZLWKDUHWKHPRVWIUHTXHQW
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7KHDQQXDOUHJLPHVRIJURXSLQJV&<&DQG$17VLPLODUWRWKRVHGHVFULEHGIRUW\SHV&DQG$
DUHVKRZQLQ)LJ7KHPRVWUHOHYDQWHYHQWVDUHWKHZLQWHUPD[LPXPDQGWKHVXPPHUPLQLPXPLQ
WKHW\SHVSUHVHQWLQJDF\FORQLFFKDUDFWHUDVZHOODVWKHHTXLQRFWLDOPD[LPDDQGZLQWHUPLQLPXP
ZLWKDVHFRQGDU\PLQLPXPLQ-XO\DQG$XJXVWLQWKHW\SHVRIDQWLF\FORQLFFKDUDFWHU
3.3. Annual temporal analysis of types
:HDQDO\]HGWKHWHQGHQFLHVRIWKHGLIIHUHQW-&W\SHVDQGRIWKHPRVWVLJQL¿FDQWJURXSLQJV7R
HVWDEOLVKVLJQL¿FDQW WUHQGVZHXVHG WKH6WXGHQW¶V t-parametric test (the normality of the series 
ZDVSUHYLRXVO\YHUL¿HG7KHWHQGHQFLHVVXSSRUWHGE\WKHWHVWZHUHDGPLWWHGDVVLJQL¿FDQWZLWK
Į ,QDFDVHLQZKLFKWKHQRUPDOLW\RIWKHVHULHVFDQQRWEHDGPLWWHGZHXVHGE\ZD\RID
FRPSOHPHQWWKH0DQQ.HQGDOOQRQSDUDPHWULFWHVW7DEOH9VKRZVWKHW\SHVRUJURXSLQJVZLWK
VLJQL¿FDQWWHQGHQFLHV2IDOOWKHW\SHVDQGJURXSLQJVVLJQL¿FDQWWHQGHQFLHVFDQRQO\EHDFFHSWHG
LQWHQ$$17&<&$'9&8&1(&6:$6($6:DQG(!*LYHQWKHORZQXPEHURIGD\V
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ay
s CYC
ANT
)LJ0RQWKO\UHJLPHVRIWKH&<&DQG$17JURXSLQJV
7DEOH96LJQL¿FDQWOLQHDUWHQGHQFLHVĮ LQW\SHVDQGJURXSLQJVRI-&W\SHVLQWKH
ZHVWHUQ0HGLWHUUDQHDQEDVLQ6WDWLVWLFDOVLJQL¿FDQFHE\PHDQVRIWKH6WXGHQW¶V
t-test (tDQGFRPSOHPHQWDULO\WKH0DQQ.HQGDOOWHVW0.
7\SH
group
Test Gauss 7UHQGGHFDGH
(%) (62-yr)
Linear regression
A t ¥ –4.19 (–29.0%) y ±[
ANT t ¥ –4.61 (–24.2%) y ±[
&<& t ¥ +2.68 (+18.1%) y [
ADVC t ¥  y [
U t ¥  y [
CNE t ¥ +0.80 (+79.1%) y [
&6: t0. ±± y [
ASE t ¥ +0.23 (+63.9%) y = +0.02 + 1.89
$6: t ¥ ±± y ±[
(! t ¥ +2.02 (+28.4%) y [
84 M. Grimalt et al.
SHU\HDURIW\SHV&1(&6:$6(DQG$6:WKHLUWHQGHQFLHVZHUHFRQVLGHUHGWREHLUUHOHYDQW
UHJDUGOHVVRIWKHVWDWLVWLFDOYHUL¿FDWLRQ7KXVWKHWUXO\LPSRUWDQWRQHVLQWKHVWXG\DUHDDUHWKH
QHJDWLYHWHQGHQFLHVRIW\SHV$DQG$17)LJDVZHOODVWKHSRVLWLYHWHQGHQFLHVRIWKHRSSRVLWH
W\SH&<&)LJDQGRIWKH$'9&W\SH8)LJDQG(!)LJ$VDZKROHWKHDQWL
F\FORQLFW\SHVVKRZDGHFUHDVHDQGWKHF\FORQLFRQHVDQLQFUHDVHLQWKHJHQHULFVHQVH7\SHV$
DQG$17UHGXFWLRQVDUHQRWDEOHZLWKDGHFUHDVHRIDQGSHUGHFDGHUHVSHFWLYHO\RYHU
DSHULRGRI\HDUVZKLFKIXOO\FRPSHQVDWHWKHLQFUHDVHVLQ&<&DQG$'9&RIDQG
SHUGHFDGH*LYHQLWVTXDQWLWDWLYHVLJQL¿FDQFHWKHW\SH8SRVLWLYHWHQGHQF\GHFDGHLV
DOVRQRWDEOH)LQDOO\WKHUHKDVEHHQDQRWHZRUWK\LQFUHDVHLQ(!GHFDGH
3.4. Differences in frequency of types between sub-periods 1948-1978 and 1979-2009 
:HGLYLGHG WKH\UDQDO\VLVSHULRG  LQWR WZR\UVXESHULRGVDQG
DQGFRPSDUHGWKHYDOXHVRIWKHGLIIHUHQWW\SHVDQGJURXSLQJVRIWKHWZRVXESHULRGVE\
PHDQVRIWKH=WHVWIRUFRPSDULVRQRISURSRUWLRQV7DEOH9,VKRZVVLJQL¿FDQWDQQXDOGLIIHUHQFHV
:HFRQ¿UPHGWKHGHFUHDVHLQW\SH$DVWKHPRVWVLJQL¿FDQWZLWKSUDFWLFDOO\GD\VOHVV
LQWKHVHFRQGVXESHULRGWKDQLQWKH¿UVWRQH:HDOVRGHWHFWHGDQLQFUHDVHLQ(VLWXDWLRQV
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ERWKLQGLUHFWLRQDQGLQFRPSRQHQW7KLVLQFUHDVHLVQRWFRPSHQVDWHGE\WKHGHFUHDVHLQ:
VLWXDWLRQV7KHLQFUHDVHLQW\SH8LVVLJQL¿FDQWDWEXWQRWDW
:HDOVRFRPSDUHGWKHSURSRUWLRQVRIWKHGLIIHUHQWW\SHVDQGJURXSLQJVRIWKHWZRVXESHULRGV
DFFRUGLQJWRVHDVRQV7DEOH9,,VKRZVWKHVLJQL¿FDQWGLIIHUHQFHV
7KHUHVXOWVLQGLFDWHWKDWW\SH$GHFUHDVHZDVFRQFHQWUDWHGLQVXPPHUDQGDXWXPQDQGZDVQRW
FRPSHQVDWHGE\DFHUWDLQLQFUHDVHDW WKHVLJQL¿FDQFHWKUHVKROGLQZLQWHU7KHUHZDVDQ
HYLGHQWLQFUHDVHLQWKHXQGHWHUPLQHGW\SHLQVSULQJ/DVWO\WKHLQFUHDVHVLQJURXSLQJV>(@DQG
(!DQGWKHFRUUHVSRQGLQJGHFUHDVHVLQ:!ZHUHFRQFHQWUDWHGLQWKHH[WUHPHVHDVRQV i.e. 
ZLQWHUDQGVXPPHU
4. Discussion
The determination of the synoptic type, according to JC, of the 22 646 days in the 1948-2009 
SHULRGFRQVWLWXWHVLQLWVHOIDQLQWHUHVWLQJGDWDEDVHIRUIXWXUHUHVHDUFKRQWKHZHVWHUQ0HGLWHUUDQHDQ
EDVLQ5HVHDUFKHUVUHTXLULQJDQREMHFWLYHFODVVL¿FDWLRQRIV\QRSWLFVLWXDWLRQVDWDGDLO\UHVROXWLRQ
IRUWKHDIRUHPHQWLRQHGDUHDDQGLWVVXUURXQGLQJVRYHUDSURORQJHGDQGUHFHQWSHULRGZLOO¿QGWKH
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Fig. 7. Temporal evolution of U (1948-2009).
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UHVXOWVSURYLGHGKHUHLQFRQVLGHUDEO\XVHIXO7KH\ZLOODOVRHQDEOHREMHFWLYHFRPSDULVRQRIV\QRSWLF
W\SHVDFFRUGLQJWRGDWHVDQGRIWKHLUHYROXWLRQRYHUDORQJSHULRGIRUWKHZHVWHUQ0HGLWHUUDQHDQ
EDVLQZLWKWKRVHREWDLQHGIRURWKHU(XURSHDQVFRSHVVXFKDVWKH%ULWLVK,VOHV-RQHVet al., 1993).
:LWKUHJDUGWRWKHIUHTXHQFLHVRIWKH-&V\QRSWLFW\SHVLWLVFXULRXVWRQRWHDKLJKSHUFHQWDJH
RIW\SH8XQGHWHUPLQHG)RUDJULGFHQWHUHGRYHUWKH,EHULDQ3HQLQVXODOLPLWHGE\
WKHVDPHSDUDOOHOVEXWIXUWKHUZHVW6SHOOPDQDOVRREWDLQHGDKLJKSHUFHQWDJHRI
W\SH8GD\VDOEHLWORZHU,QGHHGDQ\FODVVL¿FDWLRQWKDW¿QGVVXFKQRWDEOHSHUFHQWDJHV
for undetermined cases or days can be suspected of employing criteria that do not discriminate 
VXI¿FLHQWO\DOOWKHVWXG\FDVHVGRQRWFRYHUDVXI¿FLHQWO\EURDGVFRSHRUDUHQRWDSSOLFDEOHWR
WKHUHJLRQDQDO\]HG,QWKLVUHVSHFWKRZHYHULWVKRXOGEHQRWHGWKDW-&W\SH8LVDWWULEXWDEOHLQ
DKLJKSHUFHQWDJHRIWKHGD\VWRVXUIDFHEDULF¿HOGVZLWKYHU\ZHDNJUDGLHQWVDQGOD[RUDOPRVW
QRQH[LVWHQWLVREDUVLQWKHZLQGRZRIDQDO\VLV7KLVVLWXDWLRQLVYHU\IUHTXHQWLQVXPPHULQWKH
0HGLWHUUDQHDQEDVLQDQGLVJUDSKLFDOO\WHUPHG³SDQWDQREDURPpWULFR´³EDURPHWULFVZDPS´LQ
6SDQLVK&DSHO0ROLQD0DUWLQ9LGHDQG2OFLQDRU³PDUDLVEDURPpWULTXH´LQ)UHQFK
3pGpODERUGH7KHVHDVXUIDFHPHDQSUHVVXUHPDSVSUHVHQWGXULQJDOOWKHPRQWKVRIWKH
\HDUDZHDNJUDGLHQWLQVRXWKHUQ(XURSHLQFRPSDULVRQZLWKWKHQRUWKRIWKHFRQWLQHQW%DXP
DQG6PLWK7UHQEHUWKDQG3DROLQR.DOQD\et al., 1996; Ansell et al., 2006; 
(5$$WODVEXWLQ-XO\DQG$XJXVWWKHJUDGLHQWLVSDUWLFXODUO\ZHDNLQWKH0HGLWHUUDQHDQ
Table VI. Total number of days and percentage of the types and groupings of types of the JC 
FODVVL¿FDWLRQZLWK VLJQL¿FDQW YDULDWLRQEHWZHHQ WKH DQG VXESHULRGV LQ WKH
ZHVWHUQ0HGLWHUUDQHDQEDVLQ
Type or group Number of days (%) 
(1948-1978)
Number of days (%)
(1979-2009)
,QFUHDVHGHFUHDVH 3YDOXH
A 2490 (11.0) 2192 (9.7) Decrease 0.000
U 3002 (13.3) 3163 (14.0) Increase 0.016
>(@ 478 (2.1)  Increase 0.001
>:@ 649 (2.9)  Decrease 
(! 1402 (6.2) 1639 (7.2) Increase 0.000
:! 1677 (7.4)  Decrease 0.002
7DEOH9,,6HDVRQDOQXPEHURIGD\VRIWKHW\SHVDQGJURXSLQJVRIW\SHVRIWKH-&FODVVL¿FDWLRQ
ZLWKDVLJQL¿FDQWYDULDWLRQEHWZHHQWKHDQGVXESHULRGVLQWKHZHVWHUQ
Mediterranean basin.
Type or group Number of days
(1948-1978)
Number of days
(1979-2009)
,QFUHDVHGHFUHDVH 3YDOXH
A summer 779  Decrease 0.000
A autumn 648  Decrease 0.001
$ZLQWHU 406 483 Increase 0.009
U spring 619 720 Increase 
>(@VXPPHU 73 116 Increase 0.002
(!VXPPHU 228 308 Increase 0.001
(!ZLQWHU 398  Increase 0.000
:!VXPPHU 73 40 Decrease 0.003
:!ZLQWHU 773 649 Decrease 0.001
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EDVLQH[KLELWLQJSUHVVXUHYDOXHVFORVHWRQRUPDORQPDQ\GD\VDUHÀHFWLRQRIWKHSRRUPHULGLDQ
WKHUPDOFRQWUDVWDQGWKHKRPRJHQHLW\RIWKHVHDVXUIDFH,QVXPPHUWKHZHVWHUQ0HGLWHUUDQHDQ
EDVLQEHFRPHVLVRODWHGIURPWKHWUDYHOOLQJORZVDQGWKHLUIURQWDOV\VWHPV-LPpQH]et al., 2007).
7KHVHFRQGPRVWIUHTXHQWW\SHIRXQGLV$DQGWKHWKLUGRQH&ZKHUHDVWKH
rest (33.6%) correspond to pure and hybrid advective situations (ADV + ADVA + ADVC). The 
SHUFHQWDJHFRUUHVSRQGLQJWRW\SH&UHODWLYHO\KLJKLQWKHODWLWXGLQDO]RQHLQZKLFKWKHZHVWHUQ
0HGLWHUUDQHDQEDVLQLVVLWXDWHGUHÀHFWVWKHF\FORJHQHWLFFKDUDFWHURIWKHDUHDLQSDUWLFXODUWKH
JXOIVRI/LRQDQG*HQRDUHVXOWLQJIURPF\FORJHQHVLVSURFHVVHVOHHZDUGRIWKH$OSV-DQVj
DPRQJRWKHUV)RUWKH,EHULDQ3HQLQVXOD6SHOOPDQREWDLQHGDKLJKHUIUHTXHQF\RIW\SH&
LQDFFRUGDQFHZLWKWKHSUHVHQFHRIWKHUPDOORZVRUWKHUPDOWDOZHJVIURPWKH6DKDUDLQVXPPHU
UHVXOWLQJIURPVXUIDFHZDUPLQJRIWKHLQODQG,EHULDQ3HQLQVXODDQGRIWKH6DKDUD7KHUHLVDKLJKO\
FKDUDFWHULVWLFDVVRFLDWLRQEHWZHHQDWKHUPDOORZLQODQGRIWKH,EHULDQ3HQLQVXODDQGLQ1RUWK$IULFD
during the summer. These areas are considered by some authors as cyclogenetic in this season 
(Lionello et al., 2006), and a “EDURPHWULFVZDPS´RYHUWKHVRPHZKDWFRROHU0HGLWHUUDQHDQZDWHUV
(Capel Molina, 2000; Martin-Vide, 2001). 
$OWKRXJKW\SH:LVWKHIRXUWKPRVWIUHTXHQWLQWKHZHVWHUQ0HGLWHUUDQHDQLWVIUHTXHQF\LVORZ
FRQWUDVWLQJYHU\PXFKZLWKLWVSUHVHQFHLQWKH%ULWLVK,VOHV/DPE'RUHet al., 2006). 
7KLVUHVXOWLVFRQVLVWHQWZLWKWKHPDUJLQDOLW\RIWKH0HGLWHUUDQHDQEDVLQLQUHODWLRQWRWKHZHVWHUOLHV
7KHORZIUHTXHQF\RIWKHJURXSLQJRIVRXWKHUO\GLUHFWLRQ>6@DQGRIWKHVRXWKHUO\FRPSRQHQW
6!DPRQJWKHSRVVLEOHGLUHFWLRQVLVORJLFDORQFRQVLGHULQJWKDWWKHEDVLQLVGRPLQDWHGWKURXJKRXW
PXFKRIWKH\HDUE\PDVVHVRIWURSLFDOP7DQGF7RU0HGLWHUUDQHDQDLUDQGZHOOHVWDEOLVKHG
VRXWKHUO\FRPSRQHQWÀRZVDUHLQIUHTXHQW7KHEDULFJUDGLHQWEHWZHHQWKH0HGLWHUUDQHDQEDVLQ
DQG1RUWK$IULFDLVRQDYHUDJHZHDN
7KH&<&DQG$17JURXSLQJVSUHVHQWVLPLODUIUHTXHQFLHVZKLFKDUHVHHQLQDYHU\VLPLODU
SHUFHQWDJHRIVXUIDFHSUHVVXUH¿HOGVZLWKSRVLWLYHDQGQHJDWLYHYRUWLFLW\7KLVDJUHHVZLWKWKH
results obtained by Laita and Grimalt (1997). The annual regimes of types U, A and C, and of 
WKH$'9JURXSLQJDUHFRQVLVWHQWZLWKWKHUHJLRQDOFLUFXODWLRQLQWKH0HGLWHUUDQHDQEDVLQ2Q
RQHKDQGWKHDGYHFWLYHDQG$DQG&W\SHVZKLFKXVXDOO\LPSO\ZHOOGH¿QHGVXUIDFHSUHVVXUH
¿HOGVSUHVHQWUHJLPHVRSSRVLWHWRWKDWRIW\SH8DVVRFLDWHGZLWKYHU\ZHDNEDULFJUDGLHQWV,Q
ZLQWHUWKHV\QRSWLFSDWWHUQVDUHEHWWHUGH¿QHGGXHWRWKHKHPLVSKHULFPHULGLDQEDULFFRQWUDVWV
ZKHUHDVLQVXPPHUWKH0HGLWHUUDQHDQEDVLQLVQRWDIIHFWHGE\WKHGRPLQDQWFLUFXODWLRQIURP
WKHZHVWDQGE\RWKHUEDULFDGYHFWLRQVDQGV\QRSWLFFRQ¿JXUDWLRQV,Q-XO\DQG$XJXVWKDOIWKH
GD\VDUHFODVVL¿HGDVW\SH8ZKLFKWDOOLHVZLWKPHWHRURORJLFDOFRQGLWLRQVLQWKH0HGLWHUUDQHDQ
EDVLQWKDWSUHVHQWSHUVLVWHQWO\FDOPZHDWKHUZLWKDEXQGDQWVXQVKLQHDQGWKHSUHGRPLQDQFHRI
ORFDOZLQGVVHDEUHH]HV7KLVLVZKDWPDNHVWKLVDUHDRQHRIWKHPRVWDWWUDFWLYHLQWKHFRQWH[W
RI LQWHUQDWLRQDO WRXULVP7KHDWPRVSKHUH HQVXUHVSOHDVDQWZHDWKHU IRU WRXULVPGXULQJPDQ\
FRQVHFXWLYHGD\VZKLFKLVLQDFFRUGDQFHZLWKWKHSHUVLVWHQFHRIW\SH8LQWKHVXPPHUPRQWKV
On the other hand, there is a problem related to accumulation of ozone and aerosols due to the 
ORZGHJUHHRIDWPRVSKHULFG\QDPLVP0LOOiQ-LPpQH]et al., 2007). Furthermore, there 
LVDQRWHZRUWK\JUDSKLFUHJXODULW\LQWKHFRQYH[LW\RIWKH8UHJLPHDQGLQWKHFRQFDYLW\RIWKH
ADV grouping throughout the year (Fig. 3), resulting from the Mediterranean annual pattern. 
7KHSUDFWLFDOO\RSSRVLWHUHJLPHVRI$17DQG&<&DQGRI$DQG&DUHFRQVLVWHQWZLWKWKH
vorticities of an opposite sign that they entail. 
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In relation to the annual trends observed in the types and groupings, different studies have 
established an increase in surface atmospheric pressure in the Mediterranean basin. Thus, at global 
scale, Gillett and Stott (2009) found an increase in atmospheric pressure in southern Europe and 
1RUWK$IULFDIRUWKHSHULRG$WUHJLRQDOVFDOH&RODFLQRDQG&RQWHVWXG\LQJWKH
SHULRGIRXQGDJHQHUDOLQFUHDVHLQVHDOHYHOSUHVVXUH6/3LQWKHFHQWUDOEDVLQYLVLEOH
as from the 1940s, as did Maugeri et al.LQZLQWHUVLQFHWKHVLQQRUWKHUQ,WDO\,QRXU
FDVHWKH3YDULDEOHRI-&i.e.6/3DOVRVKRZVDSRVLWLYHWUHQGWKURXJKRXWWKH\HDUVRIWKH
VWXG\K3DGHFDGHDOWKRXJKW\SH$H[KLELWVDFOHDUO\QHJDWLYHWUHQG)LJZKLFKZDV
FRQ¿UPHGRQFRPSDULQJWKHWZR\HDUSHULRGVDQQXDOO\DQGLQVXPPHUDQGDXWXPQ7KLVUHVXOW
indicating an increase in atmospheric pressure and a simultaneous decrease in type A (anticyclone) 
RQO\DSSHDUVWREHFRQWUDGLFWRU\DQGLWVKRXOGEHSRLQWHGRXWWKDWDQWLF\FORQHVGHSUHVVLRQVDUH
DOVRGH¿QHGLQWKH-&PHWKRGE\WKHURWDU\GLUHFWLRQRIWKHZLQGVDQGWKHLQFUHDVHGHFUHDVHLQ
SUHVVXUHWRWKHLUFHQWHUVDQGQRWE\WKHYDOXHRIWKH6/31RQHWKHOHVV:DQQHUet al. (1997), using 
DUHJLRQDOVFDOHLQWKH1RUWK$WODQWLFVKRZHGWKDWWKHUHKDVEHHQD]RQDOLQFUHDVHLQFLUFXODWLRQLQ
(XURSHGXULQJWKHZLQWHUVHDVRQVLQFHZKLFKFDXVHGLQWHQVHQRUWKVRXWKSUHVVXUHJUDGLHQWV
DQGDQLQFUHDVHLQWKHIUHTXHQF\RI$ZHDWKHUW\SHVRYHUVRXWKZHVWHUQ(XURSH+RZHYHUWKLV
scale of analysis is much greater than the one employed herein. 
)XUWKHUPRUHVRPHDXWKRUVKDYHVKRZQDGHFUHDVHLQGHSUHVVLRQVRULQF\FORQLFW\SHVLQ0HGLWHUUDQHDQ
areas, e.g. Trigo et al.IRUDVKRUWHUSHULRGDQGWKHZHVWHUQ0HGLWHUUDQHDQLQWKH
EURDGVHQVH7ULJRDQG'D&DPDUDVKRZHGDGHFUHDVHLQWKHIUHTXHQF\RIF\FORQLFZHDWKHUW\SHV
LQ3RUWXJDODQG3LHUYLWDOLet al. (1997) and Brunetti et al. (2000) did the same for Italy. Corte-Real et al. 
LQGLFDWHGWKDWWKHJHQHUDOGHFUHDVHLQSUHFLSLWDWLRQLGHQWL¿HGLQWKH,EHULDQ3HQLQVXODIURP
WR+LVGDOet al.FRLQFLGHVZLWKWKHGHFUHDVHLQWKHIUHTXHQF\RIZHDWKHUW\SHVVKRZQWR
JHQHUDWHSUHFLSLWDWLRQF\FORQLFZHVWHUO\DQGVRXWKZHVWHUO\DQGDOVRZLWKDQLQFUHDVHLQDQWLF\FORQLF
ZHDWKHUW\SHV9LFHQWH6HUUDQRDQG/ySH]0RUHQRIRXQGWUHQGVRIW\SHV$DQG&RSSRVLWHWR
WKHRQHVIRXQGKHUHLQEXWIRUDJULGFHQWHUHGRYHUWKH,EHULDQ3HQLQVXODDQGIRUWKHSHULRG
DQGDSUHYLRXVUHFODVVL¿FDWLRQRIW\SH8GD\V2QWKHFRQWUDU\WKHUHLVDFHUWDLQFRQFRUGDQFHRIUHVXOWV
ZLWKUHJDUGWRWKHLQFUHDVHLQ(DQG6(DQGWKHGHFUHDVHLQ6:
,WVKRXOGEHSRLQWHGRXWWKDWLQDOOWKHVWXGLHVFLWHGWKHF\FORQLFW\SHVDUHHLWKHUQRWGH¿QHG
according to JC or do not analyze the same study area or time period. In our case, the JC type C 
VKRZHGQRVLJQL¿FDQWWHQGHQFLHVWKURXJKRXWWKHVWXG\SHULRGRUEHWZHHQWKHWZR\HDUSHULRGV
FRPSDUHG2QWKHRWKHUKDQGDVLJQL¿FDQWSRVLWLYHWUHQGZDVIRXQGLQWKH&<&JURXSLQJZKLFK
encompasses type C and the cyclonic hybrid advectives. 
In other studies, the trends are not so clear, as a decrease in cyclonic types in some seasons of 
WKH\HDUFDQEHDSSUHFLDWHGDORQJZLWKDQLQFUHDVHLQRWKHUV7KXV WKHUHVXOWVRI%DUWKRO\et al. 
³VXJJHVWWKDWF\FORQHIUHTXHQF\LQWKHZHVWHUQ0HGLWHUUDQHDQUHJLRQVKRZHGDQLQFUHDVHLQ
VXPPHUDQGDXWXPQDQGDGHFUHDVHLQZLQWHUDQGVSULQJ´IRUWKHSHULRG7KHIRXUWK,3&&
FDXWLRXVO\VWDWHVWKDWWKHUHZDVOLNHO\DQLQFUHDVHDQGDSROHZDUGVKLIWLQ1+ZLQWHUVWRUPWUDFN
DFWLYLW\GXULQJWKHVHFRQGKDOIRIWKHWKFHQWXU\EXWWKHUHDUHVWLOOVLJQL¿FDQWXQFHUWDLQWLHVLQ
WKHPDJQLWXGHRIWKHLQFUHDVHGXHWRWLPHGHSHQGHQWELDVHVLQWKHUHDQDO\VLV,3&&
0RUHRYHUGLIIHUHQWDQDO\VLVRIWKHZKROHRIWKH0HGLWHUUDQHDQEDVLQDVVRFLDWHGWKHÀXFWXDWLRQV
DQGSUHVVXUHWUHQGVZLWKYDULDELOLW\SDWWHUQVVXFKDVWKH1$2DQGHYHQWKH4%25LEHUDet al., 
2QWKHRWKHUKDQG3LUD]]ROLDQG7RPDVLQIRXQGDJHQHUDOGHFUHDVHLQZLQGDFWLYLW\
IURPWRDURXQGIROORZHGE\DSUHGRPLQDQWLQFUHDVHXSWRWKHHQGRIWKHWKFHQWXU\
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LQWKHFHQWUDO0HGLWHUUDQHDQDQG$GULDWLFDUHDVDQGOLWWOHFRQQHFWLRQZLWKWKH1$2,QFRQFOXVLRQ
ZLQGDFWLYLW\LQWKHFHQWUDO0HGLWHUUDQHDQDUHDGHFUHDVHGIURPDWOHDVWWRWKHPLGV
VKRZLQJDQLQFUHDVHXQWLOWKHHQGRIWKHWKFHQWXU\6XFKWUHQGVDUHVLPLODUWRWKRVHREVHUYHG
LQVXUIDFHWHPSHUDWXUHFKDQJHVEXWGRQRWFRUUHODWHZLWKYDULDELOLW\LQWKH1$2LQGH[3LUD]]ROL
and Tomasin, 2003).
$VKDVEHHQPHQWLRQHGRQFRPSDULQJWKHWZR\HDUVXESHULRGVDQG
QRVLJQL¿FDQWFKDQJHLVDSSUHFLDWHGLQW\SH&RULQ&<&EXWWKHGHFUHDVHLQW\SH$RQWKHRWKHU
KDQGUHPDLQVFOHDU/LNHZLVHWKHLQFUHDVHLQW\SH8FRQFHQWUDWHGLQVSULQJLVFRQ¿UPHG7KHVH
WZRUHVXOWVDUHFRQVLVWHQWZLWKWKHZDUPLQJRIWKHZDWHUVLQWKHZHVWHUQ0HGLWHUUDQHDQEDVLQVLQFH
WKHV9DUJDV<ixH]et al.JLYHQWKDWZDUPLQJRIWKHVXEVWUDWHFRXOGZHDNHQ
WKHDQWLF\FORQHVRUWKHLUULGJHVRYHU0HGLWHUUDQHDQZDWHUVWXUQLQJWKHPLQWRW\SH8LQDODUJH
number of cases. The advance of summer appears to account for the fact that the increase in type U 
RFFXUVPDLQO\LQVSULQJ/LNHZLVHDQGE\ZD\RIDQK\SRWKHVLVWKHLQFUHDVHLQWKH&<&JURXSLQJ
throughout the period 1948-2009 could be due to the same cause. 
,QWKHFRQWH[WRIFOLPDWHFKDQJHJOREDOZDUPLQJJLYHVULVHWRDUHGXFWLRQRIWKHHTXDWRUSROHV
WKHUPDO JUDGLHQWZLWKZKLFK WKHPRYHPHQW WRZDUGV WKH QRUWK RI WKH VXEWURSLFDO DQWLF\FORQHV
(including the Azores one) could be associated (Colacino and Conte, 1993), a result contrary to 
WKDWRI:DQQHUet al. (1997). These authors, using three long series, demonstrate an increasing 
SUHVVXUHWUHQGLQWKHFHQWUDOZHVWHUQEDVLQRIWKH0HGLWHUUDQHDQZLWKZKLFKWKHUHGXFWLRQRILQWHQVH
cyclogenetic events and increased blocking situations are connected. The variations recorded to 
GDWHHYHQLIFRQVLVWHQWZLWKWKHIRUHFDVWVRIFOLPDWLFVFHQDULRVFDQVWLOOIDOOZLWKLQWKHQRUPDO
YDULDELOLW\RIWKHSKHQRPHQD&RODFLQRDQG&RQWH7KHGLVSODFHPHQWQRUWKZDUGVRIWKH
ZHVWHUO\ÀRZVDQGWKHVWUHQJWKHQLQJWKHUHRIE\WKHSRVLWLYHSKDVHRIWKH1$2VLQFHWKHV
FRXOGDFFRXQWIRUWKHUHGXFWLRQRIW\SH:LQWKHVWXG\DUHDZKHUHDVW\SH$ZKLFKFRQVHTXHQWO\
PXVW VKRZDQ LQFUHDVH LQ VRXWKZHVWHUQ(XURSHZRXOGQRW GR VRRYHUZDWHUV RI WKHZHVWHUQ
0HGLWHUUDQHDQEHFDXVHWKHFROXPQRIDLUORRVHVVWDELOLW\GXHWRVXUIDFHZDUPLQJ
7KHLQFUHDVHLQ>(@DQG(!RQPRYLQJIURPWKH¿UVWWRWKHVHFRQGVXESHULRGLVFRQVLVWHQW
ZLWKWKHUHVXOWVRI0DNURJLDQQLVDQG6DKVDPDQRJORXZKRQRWHGDWHQGHQF\IRUWKHZLQGV
to become less zonal (i.e.PRUHHDVWHUO\DIWHURYHUWKHZHVWHUQEDVLQRIWKH0HGLWHUUDQHDQ
7KLVLVDOVRLQDJUHHPHQWZLWKWKHGHFUHDVHLQWKHZHVWHUQ0HGLWHUUDQHDQRVFLOODWLRQLQGH[:H02L
REVHUYHGZKLFKLPSOLHVPRUHIUHTXHQWHDVWHUO\ÀRZV0DUWLQ9LGHDQG/ySH]%XVWLQV7KH
LQFUHDVHLQ>(@DQG(!LVDOVRFRQVLVWHQWZLWKWKHZHVWZDUGH[WHQVLRQRIWKHDUHDZLWKDXWXPQ
PD[LPXPSUHFLSLWDWLRQUHJLPHOLQNHGWR0HGLWHUUDQHDQÀRZVIURPWKHHDVWHUQIULQJHRIWKH,EHULDQ
3HQLQVXODLQWKHODVWGHFDGHVGH/XLVet al., 2010).
,QVXPPDU\WKHVHDVXUIDFHXQGHUZDUPLQJDQGWKHF\FORJHQHWLFFKDUDFWHURIWKHJXOIVRI/LRQ
and Genoa (Alpert et al.-DQVjet al., 2001) could account for the temporal behavior of type 
$DQGRI&<&RSSRVLWHWRWKRVHIRXQGE\RWKHUDXWKRUVDWODUJHUVFDOHVRULQRWKHUSDUWVRIWKH
0HGLWHUUDQHDQEDVLQIRUSHULRGVVRPHZKDWGLIIHUHQWWRWKRVHDQDO\]HGKHUHLQ
5. Conclusions
:HGHWHUPLQHGWKHV\QRSWLF W\SHDFFRUGLQJWRWKH-HQNLQVRQDQG&ROOLVRQSURFHGXUHRI WKH
GD\VLQWKHSHULRGIRUWKHZHVWHUQ0HGLWHUUDQHDQEDVLQEDVHGXSRQDJULGRI
QLQHSRLQWVZLWKH[WUHPHYHUWLFHVDW1:DQG1(7KHPRVWIUHTXHQWW\SHLV8
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XQGHWHUPLQHGZLWKDQDQQXDODYHUDJHRIDURXQGGD\VZKLFKLVRIWKHGD\V
RIWKHSHULRG,WLVIROORZHGE\W\SH$DQWLF\FORQHZLWKGD\VSHU\HDUDQG&
GHSUHVVLRQZLWKGD\VSHU\HDU$VDZKROHW\SHV8$DQG&FRPSULVHWZRWKLUGV
RIWKHWRWDO7KHKLJKIUHTXHQF\RIW\SH8LVGXHWRWKHSUHVHQFHRIEDULF¿HOGVZLWK
DORZJUDGLHQW³EDURPHWULFVZDPS´RYHU0HGLWHUUDQHDQZDWHUVLQWKHZDUPKDOIRIWKH\HDU
7KHKLJKIUHTXHQF\RIW\SH&LVQHFHVVDULO\LQÀXHQFHGE\WKHPDUNHGO\F\FORJHQHWLFFKDUDFWHU
of the gulfs of Lion and Genoa.
$IWHUJURXSLQJW\SHVWKHQXPEHURIGD\VSUHVHQWLQJW\SHVZLWKF\FORQLFFXUYDWXUHRUSRVLWLYH
vorticity (type C plus cyclonic hybrid advectives) represents 27.2% of the period, a value similar 
WRWKHVXPRIW\SH$DQGWKHDQWLF\FORQLFK\EULGDGYHFWLYHVZKLFKDUHWKHGD\VZLWK
DQWLF\FORQLFFXUYDWXUHRUQHJDWLYHYRUWLFLW\$FFRUGLQJWRGLUHFWLRQVWKHW\SHVIURPWKHZHVW
:&:$:DUHWKHPRVWIUHTXHQWDQGWKRVHIURPWKHVRXWK6&6$6WKHOHDVW
The monthly regime of the most frequent types and groupings is quite regular, given the large 
VDPSOHDQDO\]HG7\SH& WKHDGYHFWLYHJURXSLQJVDQG WKH&<&SUHVHQW VXPPHUPLQLPDDQG
PD[LPDLQWKHFROGKDOIRIWKH\HDUZKHQWKHDWPRVSKHUHKDVJUHDWHUG\QDPLVPDQGPHULGLDQ
FRQWUDVWZKHUHDVWKHRSSRVLWHRFFXUVZLWKW\SH8DQGWRDOHVVHUH[WHQWZLWKW\SH$7\SH8
occurs in half the days of July and August. 
7KHPDLQVWDWLVWLFDOO\VLJQL¿FDQWDQQXDO WUHQGVIRU WKHSHULRG LQ WKH-& W\SHV
DQG LQ WKHJURXSLQJV LQYROYHDGHFUHDVH LQ W\SH$ ±GD\VGHFDGH i.e. –29.0%) and an 
LQFUHDVHLQ8&<&DQG(!2QFRPSDULQJWKH\HDUSHULRGVDQG
ZHFRQ¿UPHGWKHWUHQGVRI$8DQG(!DQGRQHFDQJHQHUDOO\DSSUHFLDWHLQFUHDVHVLQWKH
HDVWHUO\GLUHFWLRQVDQGFRPSRQHQWVDQGDGHFUHDVHLQWKHZHVWHUO\GLUHFWLRQVDQGFRPSRQHQWV
7\SH$UDQJHGIURPGD\VLQWKH¿UVWVXESHULRGWRLQWKHVHFRQGp = 0.000), mainly 
FRQFHQWUDWHGLQVXPPHUDQGDXWXPQ7KLVFOHDUUHGXFWLRQRIW\SH$FRPELQHVZLWKDQLQFUHDVH
LQ WKH-&SUHVVXUHYDULDEOH K3DGHFDGH WKURXJKRXW WKH\HDUVRI WKHDQDO\VLV7KH
WUHQGIRXQGLQW\SH$GLIIHUVIURPWKHUHVXOWVRIRWKHUVWXGLHVLQZKLFKWKHIUHTXHQF\RIDQWL
F\FORQLFW\SHVZDVUHLQIRUFHGRYHUWKH0HGLWHUUDQHDQEDVLQ7KHGLIIHUHQWDQDO\VLVSHULRGVDQG
VFDOHVRUVWXG\DUHDVDVZHOODVWKHYDULHW\RIPHWKRGVHPSOR\HGWRGHWHUPLQHWKHV\QRSWLFW\SHV
FRXOGH[SODLQZK\WKHUHVXOWVGRQRWWDOO\,QDQ\FDVHWKHZDUPLQJLQWKHODVWIHZGHFDGHVRI
WKHZDWHUVRI WKHZHVWHUQ0HGLWHUUDQHDQDVZHOODV WKHPDUNHGO\F\FORJHQHWLFQDWXUHRI WKH
gulfs of Lion and Genoa, might account for the decrease in type A and the increase in the types 
presenting cyclonic curvature.
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